Rate studies on the utilization or degradation (or both) of isolated hemicelluloses were conducted with six strains of rumen cellulolytic bacteria. Utilization was estimated by total pentose loss, and degradation values were based on solubilization of the hemicellulose in acidified 80% ethyl alcohol. With the various strains of ruminococci, degradation of flax and fescue grass hemicellulose was near the maximum within the first 12 hr of incubation. However, where applicable, the rates of utilization were considerably slower. Both degradation and utilization of corn hull hemicellulose occurred at much slower rates than observed with the other two substrates. With flax and fescue grass hemicellulose, the rates of degradation did not appear to be influenced by the organism's ability, or inability, to utilize the substrate as an energy source. The rates and extent of isolated hemicellulose degradation and utilization were compared between the cellulolytic ruminococci and three strains of bacteria isolated from the rumen with a xylan medium. Similar values were obtained with both types of bacteria. These observations would suggest that the cellulolytic ruminococci may be important in the overall fermentation of forage hemicelluloses in the rumen. The acidified 80% ethyl alcohol supernatant fluids, obtained from fermentations of isolated fescue grass hemicellulose by two strains of Ruminococcusflavefaciens, of which only one was able eventually to utilize the substrate, were investigated by thin-layer chromatography. Results indicated that soluble oligosaccharides were produced, which were observed to disappear gradually with time in fermentations with the utilizing strain and to accumulate in fermentations with the nonutilizing strain. Examination of the acidified 80% ethyl alcoholinsoluble residue hydrolysates, obtained from fermentations with the utilizing strain, revealed that the concentration of all the constituent sugars decreased uniformly.
Rate studies on the utilization or degradation (or both) of isolated hemicelluloses were conducted with six strains of rumen cellulolytic bacteria. Utilization was estimated by total pentose loss, and degradation values were based on solubilization of the hemicellulose in acidified 80% ethyl alcohol. With the various strains of ruminococci, degradation of flax and fescue grass hemicellulose was near the maximum within the first 12 hr of incubation. However, where applicable, the rates of utilization were considerably slower. Both degradation and utilization of corn hull hemicellulose occurred at much slower rates than observed with the other two substrates. With flax and fescue grass hemicellulose, the rates of degradation did not appear to be influenced by the organism's ability, or inability, to utilize the substrate as an energy source. The rates and extent of isolated hemicellulose degradation and utilization were compared between the cellulolytic ruminococci and three strains of bacteria isolated from the rumen with a xylan medium. Similar values were obtained with both types of bacteria. These observations would suggest that the cellulolytic ruminococci may be important in the overall fermentation of forage hemicelluloses in the rumen. The acidified 80% ethyl alcohol supernatant fluids, obtained from fermentations of isolated fescue grass hemicellulose by two strains of Ruminococcusflavefaciens, of which only one was able eventually to utilize the substrate, were investigated by thin-layer chromatography. Results indicated that soluble oligosaccharides were produced, which were observed to disappear gradually with time in fermentations with the utilizing strain and to accumulate in fermentations with the nonutilizing strain. Examination of the acidified 80% ethyl alcoholinsoluble residue hydrolysates, obtained from fermentations with the utilizing strain, revealed that the concentration of all the constituent sugars decreased uniformly.
An earlier study in this laboratory (5) Cultural methods, hemicellulose substrates, and the basal fermentation medium were identical to those described in the previous study (5) . Hemicellulose concentration was estimated by measurement of total pentose concentration with the orcinol reaction (2) . As in the previous study, hemicellulose utilization was based on total pentose loss, and degradation was calculated on the basis of the amount of hemicellulose converted from an acidified 80% ethyl alcohol-insoluble form to a soluble form.
Thin-layer chromatography. The monosaccharides xylose, arabinose, glucose, and galactose were separated on Kieselgur G layers buffered with sodium acetate, as described by Stahl and Kaltenbach (9) , with the use of a solvent system of t-amyl alcoholpropanol-water (75:15:10). Optimal resolution of the ethyl alcohol-soluble fraction was obtained with the following procedure. To prepare the layer, 15 g of Silica Gel G and 10 g of Kieselgur G were slurried with 50 ml of 0.1 N boric acid, and the mixture coated onto plates in the usual manner. The plates were allowed to air-dry and then were heated to 100 C for 30 min just prior to use. The plates were developed in the ascending direction with a solvent system of butanolacetic acid-water (60:20:20). Good resolutions were obtained with development times of 2.5 to 3 hr. After development, all chromatograms were air-dried, sprayed with a solution of0.2% orcinol in 10% H2SO4, and heated in a 100 C oven for 3 to 5 min to reveal the carbohydrates.
Preparation of samples for thin-layer chromatography. The culture medium was fractionated by acidification and precipitation of the hemicellulose from an 80% ethyl alcohol solution. The supernatant liquid was evaporated to dryness in a hot water bath under a stream of CO2. The residue was taken up in distilled water and deionized with a mixture of Dowex-50 (H+ form) and Dowex-1 (C032-form). The filtrate from this treatment was evaporated to dryness on a boilingwater bath under a stream of CO2, and the residue was taken up in a rninimal amount of 20% ethyl alcohol. This sample constituted the acidified 80% ethyl alcohol-soluble hemicellulose fraction.
The precipitate, or 80% ethyl alcohol-insoluble material, was washed with acidified 80% ethyl alcohol and then hydrolyzed with 1.0 N H SO4 in a 100 C oven for 8 hr. After neutralization of the H2SO4 with solid BaCO3 and centrifugation, the supernatant fluid was deionized and prepared for chromatography according to the same procedure described for the ethyl alcohol-soluble fraction.
RESULTS
Time curves on the utilization or degradation (or both) of flax hemicellulose by strains R. flavefaciens Bla, B34b, and Cla are shown in Fig.  1 . Degradation of the flax hemicellulose by Bla occurred primarily between the-2 and 6-hr time period, and approached maximal degradation by 12 hr. No appreciable utilization was observed until 12 hr, and maximal utilization was not reached until approximately 24 hr. Although the rate of degradation by the two nonutilizing cultures (B34b and Cla) was not quite as rapid as that observed for Bla, degradation was definitely begun between the 2-and 6-hr time periods, and had almost reached completion by 12 hr.
Similar rate experiments were conducted with corn hull hemicellulose (Fig. 2) . As suggested from the previous study (5) , the rates of utilization or degradation of corn hull hemicellulose were much slower than those observed with flax hemicellulose. Strains In replicate experiments on both substrates, B. succinogenes A3c was also included. Both the rate and extent of degradation by this strain were considerably less than those of the ruminococci.
Additional experiments with Bla and B34b were conducted to compare the rate of isolated fescue grass hemicellulose utilization or degradation by these strains. These data were quite similar to those obtained with flax hemicellulose, and indicated that no marked differences occurred in the initial rate of degradation between the utilizing (Bla) and nonutilizing (B34b) strains.
To evaluate the possible importance of the ceIlulolytic rumen bacteria in the breakdown and utilization of forage hemicelluloses in the rumen, a comparison with the hemicellulose-fermenting rumen bacteria would be of value. Such a comparison was made between the cellulolytic strains and several strains of bacteria isolated from whole rumen contents by use of a medium containing only xylan as an added energy source (6) . Presumably, these isolates would represent the predominant hemicellulose-fermenting bacteria in the rumen.
In the comparison between the cellulose-and xylan-fermenting isolates, a series of experiments were run in which all inoculum cultures were grown on xylan broth and all organisms were allowed to ferment the same batch of hemicellulose medium. The Fig. 3 . Except for strain H8a, the rates of degradation are quite similar for all of the bacteria. The extent of degradation varied from 86% for H8a to 98% for C-94.
The curves showing rate of utilization for this set of fermentations are presented in Fig. 4 . Two of the xylan-fermenting strains, HlOb and H8a, and one cellulolytic organism, showed almost identical utilization rates. Strain H17c had a somewhat slower rate, and was followed by C-94 and Bla. The extent of utilization varied from 65% for Bla to 90% for Hl7c. It should be noted that, for all strains except H8a, utilization lagged approximately 6 (7, 10, 11) . When the ethyl alcohol-soluble ns of cultures shown in Fig. 6 were chro-;raphed according to the thin-layer chro-;raphy procedure of Weill and Hanke (11), ally proposed for the separation of maltoaccharides, most of the carbohydrate mawas unresolved and migrated only a short ce from the origin, whereas known monoLrides and only traces of material in the owns migrated near the solvent front. This Lindicate that the majority of these carbotes in the ethyl alcohol-soluble fraction probably longer-chained oligosaccharides. dingly, the thin-layer chromatography proused in the present study was developed to e as many of these different oligosaccharide mnents as possible. From close inspection of i, it appears that the longer-chained oligo- to right, were 0, 6, 12, 24, 48, and 120 hr. Continuing from left to right, the samples were a mixture of the known monosaccharides, followed by the individual monosaccharides, xylose (X), arabinose (A), glucose (GI), and galactose (Ga). saccharides were present in high concentration at the 12-hr time period. As the fermentation proceeded, a concentration decrease in the longchain oligosaccharides was observed along with a subsequent increase and then decrease in the concentration of the short-chain oligosaccharides. The sample taken at 120 hr indicates that almost all of the ethyl alcohol-soluble material had disappeared by that time, a result which is in agreement with the quantitative data obtained previously (5) . Trace amounts of xylose and arabinose appeared to be present at 24 and 48 hr; however, the dark spot near the top of the 48-and 120-hr samples did not correspond with arabinose on admixture and chromatography in other systems. Figure 7 shows a photograph of a thin-layer chromatogram of the hydrolyzed ethyl alcoholinsoluble residues which remained at these increasing time intervals. This chromatogram suggests that the ratio of the four main monosaccharides remained rather constant as the hemicellulose was degraded from an ethyl alcoholinsoluble to a soluble form. The almost complete disappearance of carbohydrate material by 48 hr is consistent with the 98% degradation observed in Fig. 5 .
Similar experiments were conducted with R.
flavefaciens B34b, a nonutilizing strain. The fairly rapid appearance of 80% ethyl alcohol-soluble polysaccharide material was observed in the first 12 hr; however, as expected, in this case the concentration of these oligosaccharides did not decrease as the incubation period increased.
DIscUSSION
It is difficult to compare quantitatively the rates of hemicellulose utilization or degradation among the different cellulolytic rumen microorganisms when the extent to which both processes occur varies between strains and substrates. Fig. 1 and 2 suggest that the rates of degradation are more closely related to the total amount of hemicellulose that each particular cellulolytic strain can degrade, rather than to the organism's eventual ability to utilize the substrate. A similar situation appears to occur in the case of utilization rate, e.g., the rates of corn hull hemicellulose utilization by strains C-94 and Bla.
Degradation of isolated hemicelluloses by hemicellulose-utilizing cellulolytic rumen bacteria appears to occur at rates similar to those observed for the xylan-digesting bacteria isolated from the rumen. In general, the extent of degradation was in the same range for all of the organisms. In considering the utilization curves, the rate of utilization of the fescue grass hemicellulose varied between both strains and species of the two general types of rumen bacteria. In light of the earlier data with the cellulolytic bacteria, it might also be expected that these relative measurements would be different on another hemicellulose substrate.
The qualitative thin-layer chromatography data obtained in this study support the hypothesis that cellulolytic rumen bacteria degrade the acidified 80% ethyl alcohol-insoluble fescue grass hemicellulose to soluble oligosaccharides. As the fermentation proceeded, the chain length of these oligosaccharides appeared to be reduced, the short-chain oligosaccharides disappearing from the medium in fermentations with Bla, but accumulating in fermentations with B34b, a nonutilizer. Inspection of the chromatogram in Fig.  6 indicates the presence of at least 10 distinct compounds; however, when these samples were subjected to two-dimensional thin-layer chromatography in other solvent systems, the existence of additional compounds became apparent.
The three strains of cellulolytic ruminococci (R.
flavefaciens Bla and C-94 and R. albus 7) which can utilize the isolated hemicelluloses are all incapable of utilizing exogenous arabinose for growth and acid production, and only Bla can utilize exogenous xylose (3) (4) (5) . Apparently, these microorganisms lack the required permeases for the monosaccharides, but are capable of taking the short-chain oligosaccharides into the cell where they can be degraded further and the constituent sugars can be metabolized. Ayers (1), working with a R. flavefaciens strain, demonstrated the presence of intercellular enzymes capable of metabolizing glucose; however, since the living cell was unable to ferment this sugar, he suggested that the organism lacked the necessary permease enzyme to transfer glucose across the cell membrane.
Prior to this study, it was believed that the degradation of the hemicelluloses could have been attributed to the susceptibility of a particular linkage in the hemicellulose. For example, xylose-xylose linkages might be broken, whereas xylose-arabinose and arabinose-arabinose bonds were resistant to attack. If this were true, an uneven distribution in the constituent sugars of the ethyl alcohol insoluble residue might be expected as the fermentation proceeded. However, the data shown in Fig. 7 would indicate that the concentration of all the monosaccharides decreased at a similar rate and that there was no build-up of an undigestible residue varying in gross composition from the original hemicellulose.
Although the contribution of cellulolytic rumen bacteria to the overall fermentation of forage hemicelluloses in the rumen is not known, the results of these experiments would indicate that it may be of significance. Further experimental work, in which the rate and extent of hemicellulose degradation was measured with an intact forage as substrate, would probably be most helpful in assessing their relative importance in this particular phase of the total rumen fermentation.
